A new mechanism for spatial 1=f power spectra is proposed for a type of open dynamical system. This mechanism has two competing ingredients. One tends to preserve the long range correlations while the other tends to destroy it. A speci c model with this mechanism based on a class of extremely simple context-free grammars is analyzed. In this model replication and transposition are repeated applied to a string of discrete elements. Computer experiments show that for a wide range of parameter values, the model yields spatial power spectra of the form 1=f with close to 1. The frequency range spanned by the 1=f form as well as the exponent depend on the probability with which replication and transposition operations are applied.
ways a system may expand during open dynamics: the number of particles may increase, the number of excited modes may increase, or the dimensionality of the state space may e ectively increase.
Open dynamical systems can produce even richer spatiotemporal structures than the systems with xed numbers of degrees of freedom. It is the purpose of this letter to point out a connection between a type of open dynamical systems and 1=f noises with close to 1, which are observed in a wide variety of physical as well as other systems 5 . The mechanism described here for the spatial 1=f power spectra is di erent from other known mechanisms for 1=f noises, which generally appear in time sequences.
The types of open dynamical systems we consider here have two competing ingredients in their dynamics. One tends to preserve the order or long range correlations while the other tends to destroy it. Some real systems exhibit similar behaviors. For example, the expansion of space versus the gravitational clustering during the evolution of the universe 6 .
In The numbers written on the left side of the colons represent the probability for each mapping to be applied. The initial condition fx 0 i g can either be a single symbol or a string of symbols. The rule will increase the length of the sequence, and eventually make i t settle down on a limiting sequence whose statistical properties e.g. density are invariant with respect to time. Figure 1 shows a spatiotemporal pattern for the dynamics with p = 0 :1.
This rule belongs to what is called a probabilistic context-free L-system 7 in formal language theory. The mathematical theory of formal languages describes classes of strings of, say 0's and 1's, by specifying a grammar which gives a computational process by which the strings could be generated 8 . Context-free languages are just one class of grammar or dynamic rules in the hierarchy of formal grammars 9 . Another type of formal grammar called regular grammar can be used to characterize the spatial con gurations for limiting attractor of periodic cellular automata rules 10 . The statistical properties such as the correlation function and the power spectra for sequences generated by the regular grammars are studied in 11 .
The kind of rules exempli ed by 1 can be called expansion-modi cation rules. Parts of the rule tend to lengthen the block width a block is de ned as a sequence consisting of only one type of symbol, while the remaining parts tend to ip from one symbol to another di erent symbol. When only the expansion parts of the rule exist, a single site will increase its length until it becomes a big block. On the other hand if the modi cation parts of the rule dominate, most transitions alter symbols without increasing the sequence length. The main conclusion we have is: only when the expansion and modi cation parts are in a proper balance, can a complex sequence, and consequently 1=f type spectrum, be generated. 2 the time index t is dropped because the equilibrium con guration is time-invariant. Figure 2 shows a log-log scale spectrum Pf for a spatial con guration generated by 1 with p = q = 0 :1. The sequence length is 2 14 = 1 6 ; 384. Only 2 10 points are in the plot after cutting half of the spectrum, which is redundant due to symmetry, and by a veraging 2 3 = 8 neighboring components. Each point i s a n a verage of 10 runs. An 1=f function is used to t the main part of the spectrum, and a least-square tting give s a v alue of =0.90. When the sequence length becomes longer, the frequency range spanned by 1 =f consequently becomes wider. For example, the spectrum for a sequence generated by 1 at the parameter value p = q = 0 :1 with length 2 16 = 6 5 ; 536 has been calculated, the same 1=f scaling is good up to 3.5 decades. How does this 1=f spectrum change when p and q are not equal to 0.1? It is observed that di erent phases" exist as one varies the probability p q is chosen to be equal to p without losing generality. When p is extremely small e.g. 10 ,5 , a nite sequence length and nite time step simulation will not allow the small probability of modi cation to be realized. Any information stored in the initial seeds will be disrupted extremely slow. In this case, the spatial spectrum as well as other statistical quantities is observed to depend on initial conditions, e.g., it is 1=f 2 for a random sequence seed and null for a single symbol seed. The sequence generated in the rst case contains many random blocks; for the second case, it is a single block.
When p falls between 0.005 to 0.2, the spatial 1=f spectra remain within a certain range of frequency. In this case, the expansion elements dominate slightly over the modi cation elements and give rise to blocks with many di erent lengths. In order to see how the 1=f spectra disappear when p is further increased, a power spectrum for a sequence generated at p = 0:2 is shown in Figure 3 , in which the lower frequency spectra atten out, and the high frequency spectra fall o . A s a v ery crude approximation, the spectrum can be split into three segments, each of which is tted by a straight line: 1=f 1 for low frequency, 1 =f for the main part of the frequency, and 1=f 2 for the high frequency tail. Although the splitting of the spectra into three segments is arbitrary to a certain degree, the three exponents can give a g o o d c haracterization of the overall shape of the spectra. It is to be understood, especially when p is larger than 0. If p is close to 0.5, the expansion and the modi cation processes are balanced exactly. The pattern looks like a random pattern and the spectrum is white for most of the frequency. The maximum length of blocks is not very long, therefore the middle 1=f type spectrum can barely be recognized. Some other expansion-modi cation type of dynamic rules are also examined. For example, rather than doubling we can use tripling expansion: 1 ,p : 0 ! 000; p : 0 ! 1; 1 ,q : 1 ! 111; q : 1 ! 0. The spatial spectra of strings generated by this rule can also be tted by a 1 =f scaling for appropriate parameter values, and they di er from that generated by rule 1 only slightly 13 . Actually, the power spectrum of an expansion-modi cation rule with a xed branching ratio, i.e., one symbol always maps to xed number of symbols here this xed number is 2, 1 , p : 0 ! 00 1 , q : 1 ! 11 p : 0 ! 10 q : 1 ! 00 3 can be calculated exactly, because each site can trace its ancestry uniquely. We rst of all establish the fact that the spatial correlation function:
is a power law function where P i;i+d 1; 1 t is the joint probability for both site i and i + d containing symbol 1, and P i 1 t is the probability to have symbol 1 at site i. To do so, we de ne a vector function whose components: are average of the joint probabilities for symbols:
Fd t = P i;i+d 00 t ; P i;i+d 01 t ; P i;i+d 10 t ; P i;i+d 11 t T overhead bars represent the average over i, and T indicates the transpose operation, the recursion relation The reason that 0 does not coincide with is because the multiplying of the largest eigenvalue gives the limiting behavior at long distances, or lower frequencies in the power spectra, while it is 1 rather than is the exponent which c haracterizes the lower frequency spectra.
In conclusion, we nd a type of open dynamics with extremely simple rules which can produce spatial 1=f spectra. Since the mechanism competition between expansion and modi cation which is responsible for the numerically observed 1=f spectra is also common in dynamics of some natural systems, we expect some evolving physical systems might have this spatial 1=f spectra as an e ect. More details are to be published elsewhere 13 . 
